The effects of caspofungin combined with amphotericin B were investigated with Candida glabrata. Although in vitro experiments showed an indifferent interaction, the combination regimen was the only therapeutic approach yielding organ sterilization in a murine candidemia model.
Candida glabrata has emerged as a significant pathogen, representing the most common cause of fungemia after Candida albicans (2, 3, 9) . Infections due to C. glabrata are characterized by a high mortality rate, and they are difficult to treat due to a reduced susceptibility of this species to azole drugs, especially to fluconazole (2, 3, 9) .
Although amphotericin B (AMB) MICs for C. glabrata are higher than those seen for C. albicans, the polyene is generally effective in infections caused by this yeast species (3, 7) . Similarly, caspofungin (CAS) is active against C. glabrata (1). Its innovative mechanism of action makes this drug a suitable candidate for antifungal combination therapy (1, 4, 5) .
In this study, we hypothesized that the combination of CAS and AMB could be advantageous over each monotherapy against C. glabrata. To investigate this interaction, we applied in vitro methods and an experimental mouse model of systemic infection.
Two clinical bloodstream isolates of C. glabrata (4205 and 4293) were used in this study. Stock solutions of CAS (Merck Sharp & Dohme) and AMB (Fungizone; Bristol-Myers Squibb) were prepared in sterile distilled water. Stock solutions of AMB (Sigma) were prepared in dimethyl sulfoxide for in vitro studies. Drug activity was assessed by a checkerboard method derived from the standardized procedure established by the NCCLS (6) . MICs of AMB ranged from 0.015 to 8.0 g/ml, while those of CAS ranged from 0.06 to 4.0 g/ml. Readings were performed spectrophotometrically with an automatic plate reader (Dynatech MR 700) set at 490 nm. Two MIC endpoints were considered: the first concentration of the antifungal agent tested alone or in combination at which the turbidity in the well was either 50% (inhibitory concentration) or 90% less than that in the control well. According to the fractional inhibitory concentration (FIC) index, the interaction was defined as synergistic (FIC index of Յ0.50), indifferent (Ͼ0.50 to Յ4.0), or antagonistic (Ͼ4.0) (5) . Experiments were conducted in quintuplicate.
Time-kill studies were performed using C. glabrata 4293. Drugs alone and in combination were used at 1ϫ MIC (1.0 g/ml for both drugs). The numbers of CFU were determined at 0, 2, 6, and 24 h. The limit of detection was 20 CFU/ml. Fungicidal activity was considered to have been achieved when the number of CFU per milliliter was Ͻ99.9% compared with the initial inoculum size. Synergy and antagonism were defined, respectively, as a Ն100-fold increase or decrease in killing compared with that achieved with the most active single agent. If less than a 100-fold change, the interaction was considered indifferent (8) . Experiments were conducted in triplicate.
For in vivo studies, CD1 male mice (Charles River) weighing 25 g were rendered neutropenic by intraperitoneal administration of cyclophosphamide (200 mg/kg of body weight/day) on days Ϫ4, ϩ1, and ϩ4 postinfection. They were infected intravenously with C. glabrata 4293 given in a 0.2-ml volume. Both drugs were administered intraperitoneally in a 0.2-ml volume starting after 24 h postchallenge. Drug efficacy was assessed by determining the number of CFU per kidney pair. Briefly, the mice were sacrificed, the kidneys were homogenized, and diluted and undiluted aliquots, including the entire organ, were grown on Sabouraud dextrose agar for colony count determination. Two studies were performed. In the first study, the mice were challenged with 2.6 ϫ 10 8 CFU/mouse, treated for six consecutive days with CAS at 0.3 or 1 mg/kg/day (CAS-0.3 and CAS-1), with AMB at 0.3 or at 1 mg/kg/day (AMB-0.3 and AMB-1), or with their respective combinations (COMBO-0.3 and COMBO-1). Tissue burden studies were performed on day 7 postinfection. In the second study, the mice were challenged with 1.2 ϫ 10 8 CFU/mouse and treated daily with CAS at 3 mg/kg/day (CAS-3), with AMB at 3 mg/kg/day (AMB-3), or with their combination (COMBO-3). Tissue burden experiments were performed on days 3, 5, and 7 postinfection, which corresponded to a total of 2, 4, and 6 days of therapy, respectively. There were from 7 to 10 animals in each group. Animal experiments were conducted with the approval of University of Ancona Ethics Committee.
The Mann-Whitney U test was used to compare tissue burden counts. Due to multiple comparisons, a P value of Ͻ0.016 was considered statistically significant.
The interactions between CAS and AMB measured by the checkerboard method are reported in Table 1 . Although MICs of both drugs given in combination were generally lower than those observed when the drugs were tested alone, indifference was the only type of interaction observed by this method.
Similarly to that reported by the checkerboard method, an indifferent effect was observed in time-kill studies with C. glabrata 4293 (Fig. 1) . However, the combination approach was the only regimen able to reach a fungicidal activity.
The results of the first in vivo study are presented in Fig. 2A  and B . CAS-0.3, but not AMB-0.3, was effective at reducing the fungal burden against the controls. COMBO-0.3 was effective against the controls, but it was not superior to CAS-0.3 ( Fig.  2A) . Both CAS-1 and AMB-1 were effective against the controls. COMBO-1 significantly reduced the tissue burden counts with respect to controls, CAS-1, and AMB-1 (Fig. 2B) .
The results of the second in vivo study are presented in Fig.  2C . All drug regimens were effective against the controls at each time interval. On day 3 postinfection, COMBO-3 was more effective than CAS-3 but not than AMB-3 at reducing tissue burden counts. However, on day 5 postinfection, COM-BO-3 was superior to each single therapy. At this time interval, 1 out of 10 animals in the COMBO group (10%) showed complete organ clearance. On day 7 postinfection, COMBO-3 was significantly more effective than either CAS-3 or AMB-3 at reducing colony counts, with 6 out of 10 (60%) animals showing organ sterilization.
In this study, we investigated the effects of combination therapy with CAS and AMB against C. glabrata. Although the in vitro results did not show a synergistic effect upon the combination, both methods clearly excluded antagonism. Moreover, time-kill studies showed that the combination was the only regimen able to yield a fungicidal effect.
Our in vivo results mirrored those obtained in vitro. Actually, combination therapies with both drugs given at 0. b Readings were performed spectrophotometrically with an automatic plate reader; two endpoints were considered: the first concentration of the antifungal agent tested alone or in combination which the turbidity in the well was either 50% (inhibitory concentration [IC 50 ]) or 90% (IC 90 ) less than that in the control well.
c FIC index. The interaction was defined as synergistic if the FIC index was less than or equal to 0.50, indifferent if the FIC index was greater than 0.50 and less than or equal to 4.0, and antagonistic if the FIC index was greater than 4.0 (5).
kg/day confirmed the lack of antagonism, while when they were associated at 1 mg/kg/day, the combination was more effective than each single therapy. Moreover, when the drugs were administered at 3 mg/kg/day, the combination regimen not only confirmed this positive interaction but was the only therapeutic approach yielding organ sterilization.
Although the present study was limited to one isolate of C. glabrata, our results demonstrate that this therapeutic approach might be useful in infections due to this emerging and difficult-to-treat fungal pathogen.
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